ABSTRACT. This article presents the results of radiocarbon dating and a chronology of the Preobrazhenka 6 site of the Odino culture (Baraba forest steppe, western Siberia). Currently available 14 C data for the necropolis do not allow accurate determination of the presence or absence of reservoir effects, and as such, further research is needed. Accelerator mass spectrometry (AMS) 14 C dating of paired samples of terrestrial faunal and fish remains from a Neolithic pit suggest the absence of a reservoir effect in fish bone collagen. Middle Bronze Age burials have therefore been estimated to date to the 23rd-20th centuries cal BC. Pits with fish remains are dated earlier than burials, to the 63rd-61st centuries cal BC. Stable isotope measurements of human bone collagen (high δ 15 N and low δ 13 C values) indicate diets based on С 3 plants and fish. Apparently, the role of animal protein in the diet was not significant. Dental paleopathology analysis has confirmed the important role of wild plants in human diet. Neolithic fish bones are elevated in δ 13 С [-13.5‰, average mean (n = 4)]. They are significantly different from the associated values of fish from the Late Bronze Age settlement of Chicha 1 [-22.5‰, average mean (n = 10)], which is also located in the Baraba forest steppe. The difference in δ
INTRODUCTION
Presently, reliable chronological frameworks, based on radiocarbon dating, are only available for a limited number of Siberian regions, including Cis-Baikal, Upper Angara River Valley (Weber et al. 2006) , and Minusinsk Basin (Görsdorf et al. 2001; Svyatko et al. 2009 ). Research for south of western Siberia has been conducted on the materials from the Upper Ob River Valley and Altai (Kiryushin et al. 2009 ) and Baraba forest steppe (Schneeweiss 2007; Molodin et al. 2012b) . A comparison of 14 С chronologies has also been recently carried out for Siberian and Ural Bronze Age cultures (Molodin et al. 2014) . So far, only a few western Siberian cultures have been securely 14 С dated, namely the Irmen (Schneeweiss 2007) and Andronovo (Matveev 1998; Molodin et al. 2012b) cultures. It is therefore highly important to 14 C date the pre-Andronovo sites, as existing dates are largely isolated and inconsistent. Moreover, it is crucial to assess the presence of the freshwater reservoir effect in various regions of Eurasia, as this will allow correction of 14 С age determinations for ancient archaeological complexes.
Biochemical methods of paleodietary research represent a common aspect of modern archaeology. They are essential when there is no or little archaeological evidence for the subsistence strategies of humans and fauna. For example, there are a large number of lakes and rivers in the territory of the Baraba forest steppe, but, within archaeological sites, fish bones and fishing tools are found extremely rarely. That is why alternative methods for dietary assessment are extremely significant for correct modeling of the subsistence of the ancient population. Paleozoological determinations, the analysis of artifacts, associated plant remains (traces of cultivated grains on ceramic and wheat pollen in cultural layer), and charred residues on ceramic vessels are usually used to study ancient food and economy (e.g. Matveev and Anoshko 2009) . Paleodietary research based on the analysis of carbon and nitrogen stable isotopes has been performed on the materials from Cis-Baikal (e.g. Katzenberg and Weber 1999; Katzenberg et al. 2009 ), Altai Mountains (O'Connell et al. 2003 , and the 596 Z V Marchenko et al. southern part of the Baraba forest steppe (Privat et al. 2005) . Complex studies of diet based on isotopic methods and dental paleopathology have been conducted on materials from the Minusinsk Basin (Svyatko et al. 2013; Svyatko 2014 ) and northern Kazakhstan (Ventresca Miller et al. 2014a,b) . The present article reports the first results of 14 С and isotopic and dental paleopathology analyses of the Preobrazhenka 6 site. To date, this research represents the first complex paleodietary study of the Middle Bronze Age populations of Western Siberia.
STUDY SITE
The Preobrazhenka 6 site (55°30.1′N, 77°00.9′E) is located in the southwestern part of the Siberian Lowland (Ob-Irtysh Basin, central Baraba forest steppe; Figure 1 ). At present, the Baraba forest steppe contains bogs and a large number of salt and freshwater lakes. Because of its geomorphologic characteristics, almost all rivers in the region originate from the Vasyugan swamps and run from the northeast to the southwest. The Om, Tartas, Kargat, and Chulym are the main rivers. The Preobrazhenka 6 cemetery is located on the edge of the first terrace above the floodplain on the right bank of the Om River. The necropolis was repeatedly ploughed in the 20th century. Geophysical monitoring was undertaken to find buried landscape features. From 2003 to 2009, an area of 33,720 m 2 was examined using different geophysical methods; subsequently, a magnetogram was elaborated, which allowed the discovery of the cemetery (Epov and Chemyakina 2009) . Within the site, the Neolithic settlement; burial complexes of the Early Bronze Age, Early Iron Age, and the Medieval period; and also a considerable part of the Middle Bronze Age necropolis were studied in 2004-2010 (e.g. Molodin et al. 2004 Molodin et al. , 2007 .
The Middle Bronze Age cemetery complex of the Preobrazhenka 6 site comprises 63 burials of the Odino culture (Figure 2 ), which represents one of the local community of cultures with "comb-pits" Figure 1 Location of the analyzed sites and regions: A -Caspian steppe; B -Baraba Forest steppe; C -Kulunda steppe; D -Altai Mountains; E -Minusinsk Basin; 1 -Preobrazhenka 6; 2 -Chicha 1; 3 -Lisakovsk; 4 -Bestamak; 5 -Ust'-Ida; 6 -Obkhoi; 7 -Borki; 8 -Khuzhir.
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Paleodiet, 14 C Chronology, and FRE for Preobrazhenka 6 pottery (Molodin 2012) . The individuals were buried in shallow oval pits, stretched on their back. Sometimes, there are traces of fire in the graves (skeletal remains show an evidence of burning). A sharp object (such as a bone or bronze awl) placed into individuals' hands is a characteristic feature of the cemetery. The majority of the adult burials have been disturbed in antiquity: the position of a number of bones (including faunal) and tools have been changed. However, even undisturbed graves contain few or no artifacts. Most of the finds in the fill and at the base of the burials are stone objects (flakes, scrapers) and ceramic fragments. A bronze earring, pottery (Figure 3 , items 8 and 9), and items related to bronze metallurgy, horn combs, and a fragment of a tool in the form of a bird head (Figure 3 , item 3) are unique finds. Bird and animal (horse, cow, sheep, and dog) bones have been found mostly in the grave fills. Male burial 24 ( Figure 3 , item 1; Table 1 ) clearly stands out, as it contains a bronze spearhead and bone and stone arrowheads ( Figure 3 , items 2 and 4-7). The spearhead belongs to the Seyma-Turbino type of the Middle (according to the regional western Siberian periodization; e.g. Matyushchenko 1973; Kosarev 1981) or Late Bronze Age (according to the eastern European periodization; Chernykh 1992). Traditionally, Seyma-Turbino items are dated to the second half of the 2nd millennium BC (Chernykh 1970) .
Because the burials have been disturbed, it is not possible to securely correlate finds with either the burials or earlier cultural layers. The only case of animal bones being found at the base of the grave is in burial 56 (Table 1 ). The single case of 14 C dating of osteological remains from the burial fill (UBA-27426; Table 1 ) indicates an earlier (Late Neolithic) period of the bone. But the grave undoubtedly relates to the Middle Bronze Age, and it was found that the bone derived from the earlier cultural layer. Besides burials, 55 pits in the cemetery have been studied. These belong to the Odino complex; their shape and size vary. The majority of pits are similar to the burials in size and are located in the same rows (Figure 2 ). Unlike the graves, the pits have homogeneous humus fills, which may reflect their natural filling over a long period of time. Cattle, horse, and sheep bones have been found in the pit fills, as in the graves. Furthermore, nine pits of the Neolithic period have been discovered. They do not fit the alignment of the Odino burial rows and in two cases are overlain by them. In the fill of these pits, fish bones and scales, and stone and bone tools, which can be used in scaling (for example, a horn knife with inlaid stone blade) have been found. Poor-quality undecorated pottery, flakes, scrapers, and horse, dog, bear, and elk bones have also been discovered in these pits. One of the pits contained the upper jaw of an Early Holocene Megaloceros giganteus (van der Plicht et al. 2015) .
MATERIALS AND METHODS
Paleodietary reconstruction using stable isotope analysis has been widely used for the past several decades, and the main principles of the technique are well described in modern literature (e.g. LeeThorp et al. 1989; Ambrose 1991; Ambrose and Norr 1993) . Briefly, the analysis of nitrogen stable isotopes indicates the position of an individual within the foodchain, with values increasing by 3-5‰ for each trophic level (Hedges and Reynard 2007; O'Connell et al. 2012) . Carbon isotopes primarily distinguish the proportions of the so-called C 3 and C 4 plants in an individual's diet (Pate 1994) , and indicate the consumption of marine organisms (Schoeninger and DeNiro 1984) . Figure 3 Artifacts from the Preobrazhenka 6 graveyard: 1. Plan of grave 24 (a -stone arrowhead, b -bone arrowheads, c -bronze spearhead); 2 -bronze spearhead (burial 24); 3 -horn pommel in the shape of a bird's head (burial 37); 4-6 -bone arrowheads (burial 24); 7 -stone arrowhead (burial 24); 8, 9 -ceramic vessels (burials 49, 42).
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For reconstructing the diet of the Preobrazhenka 6 population, eight human (adult male) and three animal (including two teeth) individuals have been sampled from burials, and four fish and five animal individuals have been sampled from pits. The analyzed material is collagen. For comparative analysis of diet, data from a number of Eurasian steppe regions have been taken as well (Katzenberg and Weber 1999; Privat et al. 2005; Shishlina et al. 2012; Svyatko et al. 2013; Ventresca Miller et al. 2014a ).
For
14 C dating, 12 samples from graves (including two herbivorous animal bones and two charcoals) and two samples from pits (horse and fish bones) have been used. Seven 14 C measurements were obtained at the Institute of Geology and Mineralogy of the Siberian Branch of the Russian Academy of Sciences (Novosibirsk; lab code SOAN) using liquid scintillation counting (LSC). Other 14 C and stable isotope measurements were made in the 14CHRONO Centre for Climate, the Environment and Chronology, Queen's University Belfast (n = 6, lab code UBA), using accelerator mass spectrometry (AMS), and at the German Archaeological Institute (n = 1, lab code Bln), using LSC. Calibration was performed using OxCal v 4.2.4 software (Bronk Ramsey 1995 ) and the IntCal13 curve ).
The majority of stable isotope ratio measurements (n = 15) were made in the Centre of Cenozoic Geochronology, Siberian Branch of the Russian Academy of Sciences (Novosibirsk, NSKA), using the isotope ratio mass spectrometer DELTA V Advantage (Thermo Finnigan) coupled with a Flash EA 2000 HT elemental analyzer. The routine acid-base-acid (ABA) procedure for collagen extraction, following Brock et al. (2010) , included gelatinization (75°C, pH = 3, 20 hr) and filtration without ultrafiltration. Two samples (NSKA-IV-6-4, NSKA-IV-14-1) have a C/N ratio below normal (Table 1) (van Klinken 1999) . Each sample was measured in duplicate with an analytical error of ±0.2‰ for δ 13 C and ±0.3‰ for δ 15 N.
Despite the disturbance of the upper parts of the bodies, and absence of craniums in the graves in many cases, it was possible to collect representative samples for dental analysis. These includes 20 adult individuals: 6 female (30%) and 14 male (70%). Grades of enamel wear were defined using Smith's (1984) scale, and the following pathological changes were recorded: caries, enamel hypoplasia, periodontal diseases, dental calculus, and antemortem damages of teeth. This allows reconstruction of the population's diet and general quality of food supply to be made. A combination of high frequencies of calculus, periodontal diseases, and caries is typical for populations with high contents of carbohydrates in their diet (e.g. Lukacs 1989; Roberts and Manchester 2005; Keenleyside 2008; Svyatko 2014) . Usually, in those groups where protein food prevails, only calculus and periodontal disease are observed (e.g. Ventresca Miller et al. 2014b ). The frequency of tooth enamel hypoplasia, which indicates stresses caused by continuous starvation, was recorded to diagnose the adequacy of the population's food supply (Afanaseva 2011) .
Only adult individuals younger than 50 years of age have been examined to avoid age factor influences on the results. Children were excluded from the analysis because their diet can be different from that of the adult population. For comparative analysis, dental pathology data for Bronze Age populations in the Minusinsk Basin (Okunevo and Afanasievo cultures), Altai Mountains (Afanasievo culture), Kazakhstan, Kulunda steppe, and Baraba forest steppe (Andronovo culturalhistorical community) was used (unpublished data and Svyatko 2014; Ventresca Miller et al. 2014b) .
RESULTS AND DISCUSSION
Radiocarbon Chronology and Freshwater Reservoir Effect
The 14 C dates from human bones are quite consistent ( Ramsey 1995 Ramsey , 1998 . First, we applied the test to all dates belonging to the 3rd millennium BC (SOAN-7232-7235, -8008, and -8010; Bln-5842L; UBA-25804, -27423, and -25085) . The results indicate that the differences are statistically not significant (T < 18.3; 5%, df = 10; Figure 5a ). We have also applied the c 2 test to the dates from human bone (UBA-25084 and -27423) and the herbivore (UBA-25085) with a small mean square error (Figure 5b ), which indicated a significant difference between the two samples (T > 6.0; 5%; df = 2). This difference can be explained by the influence of a reservoir effect on human bones. The recent samples come from three burials; therefore, the last 14 C dates may reflect a really slight difference in age associated with the duration of burial ground.
Therefore, at present we cannot confirm the existence of the reservoir effect in the graveyard materials. The Middle Bronze Age cemetery is likely to date to the 23rd-20th centuries BC because all calibrated (2σ) 14 C dates are fully or partly within this period, including the date from an Ovis/ Capra (UBA-25085), which is not susceptible to reservoir effect and has a small standard deviation. Dates from fish and horse bones from pit 133 suggest that this pit belongs to the Neolithic period, specifically, the 63rd-61st centuries cal BC (Table 1, Figure 2 ). This contradicts the assumptions of the excavators who suggest that the pit belongs to the cemetery and has a ritual purpose (Molodin et al. 2012a) . We can now suggest that, within the necropolis, the pits with fish remains date to the Neolithic period. This hypothesis is also supported by other findings in the pits, including wild fauna bones, Neolithic and Early Paleometal Age ceramic fragments, and the absence of metal objects.
14 C dating of two samples from the pit 133 (fish and horse; Table 1) indicates that they both belong to the same period, i.e. Neolithic, and that the fish bones are not affected by a significant reservoir effect.
Paleodiet and Stable Isotope Analysis
With the exception of one Middle Bronze Age sample (ovicaprid), the analyzed fauna mostly belong to the Neolithic period and include wild species such as elk, bear, and horse. There is no direct evidence for horse domestication for this period in western Siberia, but wild horse was a common object of hunting for steppe populations in the Neolithic period. Probably only the dog was domesticated. The average isotopic values for the Neolithic terrestrial herbivore samples (horses and elk) are δ 13 С = -20.2‰ and δ 15 N = 5.9‰ (Table 1, Figure 6 ). These data correspond to the isotopic measurements of herbivorous animals from the Chicha 1 site in the Baraba forest steppe in the Late Bronze Age (Privat et al. 2005) and several sites of the Minusinsk Basin (Svyatko et al. 2013) . Carbon isotopic values indicate consumption of mostly С 3 plants (Pate 1994) . Omnivorous animals, such as bears, usually occupy a higher position in the foodchain. The one trophic level (3.4‰) increase in nitrogen values seen in the bear sample, relative to the mean δ 15 N of herbivores, suggests that the bear's diet largely included meat of these herbivores. A trophic level increase (1.7-1.9‰) is also observed in the carbon value of the bear. The highest nitrogen (11‰) and carbon (-17.5‰) values are observed in the canine sample (Table 1, Figure 6 ). The difference in isotopic values between herbivores and the dog analyzed (5.1‰ in δ 15 N and 2.7‰ in δ 13 С) is larger than the commonly observed one trophic level increase (3-5‰ with each step of a foodchain; e.g. Hedges and Reynard 2007) , and suggests that the diet of the dog also included fish. Research in the continental regions of Eurasia shows that the highest δ 15 N value is characteristic for marine mammals and fish (Katzenberg and Weber 1999; O'Connell et al. 2003; Shishlina et al. 2009 ). Probably, the dog shared the fish component of its diet with humans, or was fed by waste containing fish and animal protein in the Neolithic site of Preobrazhenka 6.
The comparison of isotopic data of the Neolithic (horse, elk) and Bronze Age (Ovis/Capra) her- Figure 6 ). This may either be evidence of aridity in the Baraba forest steppe during the Bronze Age (Heaton et al. 1986) , or indicate that this animal fed on plants different from those of the Baraba forest steppe. For example, for the Bronze Age of the Caspian region, Shishlina (2014) assumed that sheep grazed on variable pastures. We can also suppose that this particular Ovis/Capra might have had a different origin. This animal could have been an exchange product with southeast neighbors, for example, with the contemporary Elunino culture from the Upper Ob River valley. Ovicaprid bones were found in 13 of 36 burials of the Elunino Teleutskiy Vzvoz I cemetery (Kiryushin et al. 2003) .
The isotopic results for fish bones from the Neolithic complex were unexpected. Carbon isotopes varied between -12.6‰ and -15.2‰ (Tables 1, 2 and Figure 6 ), which is substantially different from those of archaeological fish remains from the Chicha 1 settlement (δ 13 С -22.5‰), located 137 km to the southeast, near Lake Malaya Chicha (Privat et al. 2005) . Modern fish samples from the Minusinsk Basin have similar δ
13 С values to Chicha 1 (Svyatko et al. 2013) . Modern fish from Lake Baikal is highly variable in δ 13 С values, ranging from -24.6‰ to -14.2‰. High values are typical for some species of littoral fish (Katzenberg et al. 1999) . Lake Baikal modern samples -24.6 to -14.2 7.3 to 13.7 Katzenberg et al. 1999 Preliminarily, we explain the high δ 13 С values of the Neolithic fish samples by a possible difference in carbon composition between the lakes and rivers of the Baraba forest steppe, with the δ 13 С values in lakes lower than those in rivers. To test the hypothesis, a comparative analysis of isotope values in modern fish bones from different aquatic systems of the Baraba forest steppe (rivers and saline and freshwater lakes) should be conducted. N values of human samples suggest the significant role of fish in the diet of the population, which seems to be characteristic for all Eurasian steppe populations who used products of marine or freshwater origin (Table 3) . Katzenberg et al. 1999 The majority of analyzed humans from Preobrazhenka 6 have similar or slightly lower δ 13 С values than the Neolithic herbivores analyzed, and much lower values than the bear (which possibly subsisted on animal meat and plants) and dog (possibly fed by fish and meat; Table 1 ). Firstly, this indicates that people and herbivores had the same source of plant food, mainly С 3 plants. Secondly, plants apparently were more important in human diets than in that of the bear. As there is not much archaeological evidence for cereal cultivation, we can suggest that humans consumed local wild plants. The 2.6‰ range in human δ 13 С values probably indicates differences in proportion of plant Paleodiet, 14 C Chronology, and FRE for Preobrazhenka 6 and animal food in the diet of the group members. Notably, the δ 13 С of an adult male from grave 24, which also included a range of arrowheads and a bronze spear, is higher than that of other males from the cemetery (Table 1) .
There could be a number of explanations for the differences in human diet, such as means of getting food, the foodstuff itself, and social differentiation. Data from the Chicha 1 settlement suggest human dietary reliance on freshwater fish, wild animals, and domestic herbivorous species (Privat et al. 2005) . People from Preobrazhenka 6 have similarly high δ 15 N values, but on average, 1.5‰ lower carbon values. This indicates that the diet of people from Preobrazhenka 6 included foods of low trophic level (i.e. plants). The Preobrazhenka 6 population have the lowest δ 13 С values among all analyzed Bronze Age populations in the Eurasian steppe zone, which have terrestrial animal protein in their (Table 3) . Therefore, we suppose that the proportion of animal protein in the diet of Preobrazhenka 6 people was relatively small. Moreover, elevated δ 13 С values in Neolithic fish bones from the site (-13.5‰) indicate that people of the Odino culture ate fish originating from other areas (as their carbon values are relatively low, δ 13 С = -21‰). We assume that the Neolithic pits with animal and fish remains represent local fishing in the Om River, whereas the Bronze Age population fished in nearby lakes like Lake Malaya Chicha. These first isotope results allow a model of main components of the people's diet to be developed, which included lake fish and wild С 3 plants, with terrestrial animals playing a secondary role.
Dental Pathology
Dental pathological lesions of the Odino culture population from Preobrazhenka 6 are suggestive of food deficiency and generally of a diet rich in carbohydrates. The frequency of caries and enamel hypoplasia are high, while the frequency of calculus, periodontal disease, and enamel fracture is not higher than in other series ( Figure 7 ; Table 4 ). The frequency of antemortem tooth loss is also similar to that of other Bronze Age populations. They occur more often than in the Andronovo culture of the Kulunda steppe, but are rare in the Afanasievo, Okunevo, and Andronovo cultures of the Baraba forest steppe. The distribution of enamel wear grades in different teeth of the Preobrazhenka 6 population demonstrates dietary variation. Generally, in pastoral and classical agricultural populations the highest average levels of dental wear are typical for the first maxillary and mandibular molars (Machicek and Zubova 2012) , whereas incisors and canines keep their occlusal surface enamel longer. The Probrazhenka 6 series has another pattern; frontal teeth of upper and lower jaws are far more worn than the molars and premolars (Table 5 ). There is no evidence of using frontal teeth as operating tools. The angle wear of the first molars' masticatory surface tends to flat variants in the series. In agricultural groups, the so-called "oblique" type of wear prevailed (Smith 1984) . This type is characterized by a more obliterated vestibular side of teeth, and less the lingual, leading to an angle of more than 10 degrees from the basal surface (Smith 1984 : Figure 5 ). Thus, despite the fact that dental pathology frequencies show high contents of plant food in the population's diet, the nature of enamel wear is different from "classical" agricultural populations. We can suggest that these people were consuming large amounts of tubers and plant roots rather than cereals, which led to an intensive wear of frontal teeth and average wear of molars. The location of antemortem enamel fractures also supports this hypothesis. For agricultural populations, enamel fractures are mainly caused by rough unprocessed grains and stone/sand fragments, which are mixed with the food during its preparation. While chewing, these particles injure molars and generate multiple enamel fractures. For the Preobrazhenka 6 individuals, all cases of antemortem enamel injuries were found on canines and incisors of both jaws. This allows us to suggest that they appeared as a result of cracking hard foods. Possible variations include plant roots, seeds, and nut shells.
CONCLUSIONS
The obtained 14 C results allow us to substantially adjust the time of existence of Seyma-Turbino objects and date the cemetery of Preobrazhenka 6 to the 23rd-20th centuries BC. The Neolithic complex, which dates to the 63rd-61st centuries BC, at the moment appears as the oldest among the dated Holocene sites of the Baraba forest steppe. Previously, the earliest dated burial complexes in the region belonged to the first half of 6th millennium BC (Marchenko 2009 ).
Stable isotope analysis of human, animal, and fish bones indicates that determining the food sources for each population/culture in the region is essential because, depending on the origin of consumed fish, human bones may be affected by the freshwater reservoir effect. A reservoir correction obtained for a particular site cannot be applied to all archaeological cultures in the region, as it may be highly variable within the area.
The results of stable isotope and dental pathology analyses of the Middle Bronze Age population from the site suggest fish and С 3 plants were main dietary components for humans. In spite of the high carbohydrate consumption, the human diet apparently did not include a large amount of grains. Wild plants, probably nuts (e.g. pine nuts), may have played a leading role in the diet.
Further
14 C dating of bones from pits is needed to find Bronze Age domestic fauna. To assess the extent of the reservoir effect in the site, we plan to date paired samples of human bone from buri-608 Z V Marchenko et al. al 56, where Ovis/Capra bone was found. Unfortunately, this is the only paired sample available from the site (the only case of the animal bone being found on the base of the grave). Other faunal remains from the cemetery come from grave fills, and therefore cannot be securely attributed to the necropolis. To assess the source of high δ 13 C in fish, we plan to analyze δ 13 C levels of modern fish from the Baraba forest steppe rivers and lakes. Further sampling of human and animal bones is also planned for a more detailed dietary reconstruction in the area.
